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Abstract 
The safety factor of a vehicle mostly depends on the behavior of frontal automotive structures during crash. These 
structures, which are usually prismatic thin walled structures and are defined as crash boxes, are the main energy 
absorbers of the crash. Crashworthiness of these structures depends on their dimensions and materials. In this study, 
the impact behavior of the crash boxes made of steel and aluminum materials are investigated experimentally and 
numerically. The crash tests are performed by using a drop test unit. The crash test is also modeled using the ANSYS 
finite element software. The crash box is discretized by using shell elements. The deformations as a result of crash 
tests are compared with the finite element results. The impact force during the crash is also compared with the forces 
obtained using the finite element method. The results are found to be in an agreement. The impact behavior of a 
hybrid box made of steel and aluminum is also investigated numerically. The analyses are performed changing the 
parameters such as aluminum thickness, aluminum to steel weight ratio. The hybrid crash box is optimized based on 
the deformations to obtain the minimum weight. 
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1. Introduction 
The crash boxes are the main load carrying members of the automotive structures. They are 
particularly designed for the absorption of the energy during the impact. There are some studies reported 
in the literature on the impact behaviour of crash boxes. In one of them, the impact analysis of thin walled 
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tubes with square and circular cross sections is achieved using LS-DYNA finite element software and the 
results are compared with the experimental and theoretical results [1]. The numerical results are 
correlated with the experimental ones. In a numerical study, dynamic buckling and collapse of a crash 
box are studied taking into account both the elastic waves and plasticity effects [2]. It is indicated that the 
importance of the correct description of the strain-rate sensitivity of materials under consideration. The 
optimisation of a tapered tubular steel component to be used as an energy-absorbing device in the front 
structure of a vehicle body is studied both numerically and experimentally [3]. The quasi-static axial 
collapse response of circular tubes with externally machined stiffeners is studied numerically [4]. It is 
indicated that the externally stiffened circular tubes are more efficient than a prismatic circular tube in 
terms of energy absorption, stroke efficiency and structural weight. The crusing behaviour of partially Al 
foam filled commercial 1050H14 Al crash boxes is determined [5]. It is reported that both fully and 
partially foam filled boxes are energetically more efficient than empty boxes above a critical foam filler 
density. In this study, the impact behaviour of the crash boxes made of steel and aluminum materials is 
investigated experimentally and numerically. The impact test is conducted on the crash boxes. The crash 
boxes are also modeled numerically by using the finite element method and the impact behaviour of the 
crash boxes is investigated numerically. The experimental and numerical results are compared. The 
impact behaviour of a hybrid crash box made of steel and aluminum is also investigated numerically. Te 
effect of the tickness variation on the impact behaviour is investigated. 
2. Impact Test of the Crash Box 
Aluminum and steel crash boxes are tested under impact load. The boxes are manufactured by bending 
sheet metal of steel and aluminum and welding them. The outer dimensions of the steel box are 
110x85x74 mm. The outer dimensions of the aluminum box are 110x81x62 mm. The wall thicknesses of 
steel and aluminum samples are 2 mm and 4 mm, respectively. The radii of 4 mm and 3 mm are given at 
the bent sides of the steel and aluminum boxes, respectively. The impact tests of the steel and aluminum 
boxes are performed by using the Dynatup impact test machine. The specimens are placed on the flat 
plate of the test machine and a rigid block is put on the specimens to prevent the local deformations of the 
impacted edge of the specimens as shown in Fig. 1. In these tests, a mass of 432 kg is dropped on the 
specimens to give 3.8 kJ kinetic energy. The tests are repeated three times for both steel and aluminum 
specimens. The deformed specimens are shown in Fig. 2. 
 
 
 
Figure 1. The impact test setup. 
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(a)    (b) 
Figure 2. The deformed box specimens (a) steel (b) aluminum. 
3. Numerical Analysis of the Impact Test 
The impact test of the crash box is modeled by using the finite element method. ANSYS finite element 
software is used for this purpose. The steel box is discretized by using 8360 shell elements (SHELL163).  
Belytschko type SHELL163 element is a 4-node element with both bending and membrane capabilities. 
Both in-plane and normal loads are permitted. The element has 12 degrees of freedom at each node: 
translations, accelerations, and velocities in the nodal x, y, and z directions and rotations about the nodal 
x, y, and z-axes. The aluminum box is discretized by using 7590 SHELL163 elements. The material 
model of the steel and aluminum are defined as piecewise linear material. The elasticity properties of the 
steel and aluminum are E=207 GPa, Ȟ=0.3 and E=70 GPa, Ȟ=0.3, respectively. The densities of the steel 
and aluminum are U=7800 kg/m3 and U=2700 kg/m3, respectively. The rate sensitive material properties 
are introduced for the plastic behavior. The block dropped on the crash box is discretized by using 12480 
SOLID164 elements. The block is assumed to be rigid. The density of the rigid material is calculated so 
that the mass of the block is 432 kg. The distance between the block and the box is taken as a small value 
to decrease the computing time. Therefore, an initial velocity is given to the block that makes the kinetic 
energy of the block is equal to the potential energy of the block in the impact test. The finite element 
model of the test is shown in Fig. 3. 
The hybrid crash box made of steel and aluminum is also modeled by using the finite element method. 
The box dimensions are 200x76x65 mm. The half of the box in length is made of steel and the other half 
is made of aluminum. The total number of elements is 14000. In the analysis, the mass of 432 kg is 
dropped on the box in the same way that is done for the steel and aluminum boxes wich is described in 
the previous paragraph. The thickness of the steel is 2 mm and the thickness of the aluminum is changed 
to investigate the effect of the thickness on the impact behaviour. The steel crash box with the same 
dimensions as the hybrid one is also analyzed under impact loading to compare the deformations of the 
steel and hybrid crash boxes. 
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Figure 3. The finite element model of the impact test. 
4. Experimental and Numerical Results 
The predicted deformations are shown in Fig. 4. The maximum deflection of the steel crash box is 
found to be smaller than that of the aluminum. The comparison between the numerical and test results 
shows that the deformations as the result of impact are predicted well by using the finite element method. 
The maximum von Mises stresses developed in steel and aluminum crash boxes are 945 MPa and 254 
MPa, respectively. This indicates the yielding stress is exceeded in both cases. The maximum von Mises 
strains predicted in steel and aluminum crash boxes are 1.698 and 3.224, respectively. This indicates the 
deformation of the aluminum is almost double of the deformation of the steel. The force-time history of 
the impact test and analysis is shown in Fig. 5. The force developed during the impact test is predicted 
higher for both steel and aluminum specimens. The energy lost because of the friction between the mass 
and vertical guides of the test frame during the impact test can be a reason for the higher prediction.  
  
 
   (a)      (b) 
 
Figure 4. The deformed crash boxes, displacements in mm. (a) steel (b) aluminum 
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Figure 5. The force – time history (a) steel crash box (b) aluminum crash box. 
 
The maximum deformations of the hybrid crash box subjected to the impact load are obtained for the different 
thicknesses of the aluminum part. The results are shown in Table 1. In this table, ts is the thickness of the steel and ta 
is the thickness of the aluminum. It is clearly seen that the deformation of the hybrid box with ta=3.75 mm is smaller 
than the all steel crash box. The deformation of the hybrid crash box with the 4 mm of aluminum thickness is shown 
in Fig. 6. 
 
Table 1. The maximum deformation as a result of the impact 
 
Thicknesses Maximum deformation (mm) 
ts=2 mm, ta=3 mm 45.15 
ts=2 mm, ta=3.5 mm 30.88 
ts=2 mm, ta=3.75 mm 25.62 
ts=2 mm, ta=4 mm 
ts=2 mm (all steel) 
21.82 
27.00 
 
 
 
 
Figure 6. The deformation of the hybrid crash box. 
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Conclusion 
The crash boxes made of steel and aluminum are tested under impact load. The numerical analyses of 
the crash boxes under impact load are also achieved. The hybrid crash box made of steel and aluminum is 
also numerically modeled and analyzed under impact load. The hybrid crash box is optimized to decrease 
the total weight. A weight saving of 17.5% is obtained by using a hybrid crash box. An efficient hybrid 
crash box can be manufactured by using a special welding technique to weld the dissimilar materials. 
However, it is necessary to use a special construction for the hybrid crash box to increase the welding 
strength. These will be subject of future studies. 
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